? Richards and colleagues note that the orientation of dikes -vertical, planar cracks in rock that allowed magma to rise to the surface -changed from orientations determined by the direction of lithospheric extension to randomly directed orientations across the transition, whereas trace-element indicators of depth of melting show no change. Both of these factors indicate that the increased magma production was not due to lithospheric extension and thinning.
Renne and colleagues' improved correlation of the Chicxulub impact with documented changes in eruption dynamics in the Deccan province supports a plausible mechanism for linking the former to the latter. This link does not fully explain the extended regime of larger but less-frequent eruptions following the impact, but the authors speculate that changes in magma-chamber size and distribution could be controlling factors. Ultimately, the KPB records a complex environmental response to two forcings -meteorite impact and volcanic eruptions -that are now firmly linked. Fur 
limate change is driving species shifts both on land and in the sea. For species that inhabit extreme environments, such as the poles or highest altitudes, there may soon be nowhere left to go. The consequences of species redistributions for whole eco systems are often discussed but poorly understood. This is due in part to the amount of information that is required to understand the complex networks of ecological interactions between organisms and their changing habitats. Writing in Proceedings of the Royal Society B, Kortsch et al. 1 combine network analysis with large-scale species-distribution data and detailed knowledge of food-web inter actions -who eats whom -in the Barents Sea, which lies north of Norway and Russia. The authors use this information to show how changes in the distributions of the fastestshifting fish species can substantially alter the structure of an arctic marine food web.
Warming waters mean that, in the Northern Hemisphere, some southerly fish species are moving northward and forging new inter actions along the way. Will these changes push some species towards faster extinction and others towards domination? Although we do not yet have an answer, knowing the nature of the animals' interactions and how they are likely to change can provide clues to help guide the mitigation of biodiversity loss before it is too late.
The study of complex networks has helped us to understand how quickly diseases can spread, how information moves on the Internet, and how traffic, trade and even biochemical signals work 2 . Food webs are complex networks of predator-prey interactions that have fascinated scientists for more than a century. The structure of a food web -how the links between species are configured -can influence the web's stability. A variety of metrics describe network connections. These include the number of links to and from each species; the strength and density of the links; whether subsets of the web are clustered in modules; and whether there are loops within networks. Such metrics have been studied for their influence on multiple eco system features 3 , such as whether simulated species extinctions lead to cascades of other species going extinct, or how fast disturbances spread through the network.
Kortsch and colleagues' network analysis of marine arctic food webs shows that they contain relatively few connections and are quite modular -two features that have been linked to greater stability and resilience to the spread of perturbations. These food webs function in regions that are covered by sea ice for a large proportion of the year. Here, the most abundant life forms are benthic organisms, which live on or beneath the sea floor, and the food they eat comes from dead or dying tiny algae (phyto plankton) that are normally locked in the sea ice. This benthic energy flow has been described as a slow pathway, one that is relatively resilient to sudden or abrupt changes 4, 5 .
CLIMATE CHANGE

A rewired food web
Climate change is causing large fish species to move into arctic marine environments. A network analysis finds that these fishes, with their generalist diets, add links to the existing food web that may alter biodiversity and web stability. 1 contained fewer links than those farther south. This is partly because the warmer waters are home to large, wide-roaming fish species that consume organisms of a range of sizes and in various habitats. However, these large fishes are starting to move poleward as climate change causes warming and sea-ice retreat. The authors document that the increasing presence of large fishes in marine arctic environments is changing the structure of the food web, introducing new links and decreasing its modularity.
M I C H A E L M A STA L E R Z
A lthough many kinds of porous solid are known, permanently porous liquids are rare -most liquids contain only transiently formed cavities between their molecules. But on page 216 of this issue, Giri et al. 1 report a trick that enables permanently porous liquids to be formed from organic cage-like molecules. Their compounds represent a new class of material that might one day be used in applications such as trapping carbon dioxide emitted from industrial sites, for which a liquid capture system has practical advantages.
Porosity is a common natural phenomenon often found in living systems, including tree bark and marine sponges. Pores have also been found in certain inorganic minerals such as stilbite 2 . Heating these minerals causes steam to be released, because the pores contain large amounts of water. This class of mineral was therefore named zeolites -a word derived from the greek zeo and lithos, meaning boiling stone.
Zeolites are chemically and thermally robust, and have found several applications, especially in the chemical industry. They are particularly useful as catalysts because their surface areas are larger than those of similar non-porous compounds, making them more catalytically active. But only a limited number of zeolites are available. This problem was solved by the advent of porous solids called metal-organic frameworks (MOFs) 3 . In these materials, metal ions or charged metal-oxygen clusters act as the nodes of 2D or 3D molecular frameworks, with organic linker molecules as the connecting struts. This construction principle enables porous networks to be designed, and has been hugely influential -a vast number of porous solids has become available in the past few decades 4 using this or related synthetic strategies. Some of these materials have large surface areas and distinct properties, such as a high adsorption capacity for CO 2 .
In 2009, another branch in the evolutionary tree of porous materials appeared: shapepersistent molecular cages 5 . In these systems, organic cage-like molecules form crystalline materials that retain the void space of the cages. An advantage of molecular cages is that they can be dissolved without any of the chemical bonds disconnecting. Such cages can therefore be thought of as soluble porous units, which means that they can be processed for incorporation into other materials or to make thin-film devices 6, 7 . At ambient temperature, liquids are usually composed of molecules. Organic cage molecules could therefore in principle be used to make porous organic liquids 8 . Liquids are desirable, because they are easier to transport than solids (because they can be pumped
MATERIALS CHEMISTRY
Liquefied molecular holes
Porous solids have many uses in the chemical industry, which has stimulated the development of several generations of such materials. A new generation has now arrived, with the report of permanently porous liquids. See Letter p.216
By contrast, farther south, in the warmer and ice-free subarctic region, marine food webs contain many more links, including those of large fish species that are wide-ranging, are present throughout the year and are generalists (they are not picky eaters). In part because of their size, these fish species act as super connectors, and they have a vast menu from which to choose, consuming organisms of a wide range of sizes -not only species that occupy the sea floor, but also those in the entire water column (the pelagic zone). Through predation, these large fish often keep smaller predators and grazers in check.
How will arctic food webs change if species move north? Four species of large generalist fish are shifting rapidly poleward 6 : cod (Gadus morhua), haddock (Melanogrammus aegle finus) and two redfish species (Sebastes norvegicus and Sebastes mentella).
Using knowledge of what these fish eat 7 and detailed geographical information on current species locations, Kortsch et al. added these species and their links to the marine arctic food web and identified a shift in the web's structure (Fig. 1) .
What they find is not surprisingcompared with the original web, the revised web has more links and lower modularity, essentially making it more similar to food webs farther south. Surprises may come, however, in how these changes manifest themselves throughout the ecosystem over time. The web structure alone does not allow us to predict changes in species abundance, but it does provide a 'road map' with which to investigate how potential changes could spread through the network. For example, loops in food webs can cause counterintuitive or un expected outcomes. The original arctic food web did not contain loops, but the new web does.
Predicting how these various changes will affect ecosystem stability is tricky. With lower modularity and more links from large generalists, the revised web may become more susceptible to perturbations (because these spread faster) or more robust (through regulation by predators). The outcome also depends on the type of perturbation and the characteristics of the individuals present, such as body size and physiological performance.
As the sea ice retreats, it may open up greater access for human activities, such as fisheries and oil exploration. As well as being large generalists, the shifting fish species are all commercially important. Food-web interactions form the core of ecosystem models that are commonly used to assess the impacts of human activity on ecosystems or non-target species. However, the food-web linkages in such models are usually assumed to remain constant. Kortsch and colleagues' study contributes to the mounting evidence that these structures change over time 8 .
Climate change is also causing other types of ecosystem change. Abrupt transitions called regime shifts are affecting the balance of macro algae and benthic invertebrates in the same region 9 , mirroring patterns that have been reported globally 10 . Given the inevitability of change for these potentially vulnerable ecosystems, we will require a better dynamical understanding of food-web rewiring and how it interacts with multiple traits and stressors. This insight should be integrated with cumulative assessments of impacts on the eco system, to minimize the collateral damage that climate change and human activities might inflict on biodiversity in the future. ■
